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Microalgae harvesting is an important part in microalgae cultivation system. Techniques for harvesting
marine microalgae which are commonly used are centrifugation, filtration and flocculation. These
techniques still have some disadvantages, such as not environment friendly, and high usage of energy
and cost. Bio-flocculation harvesting technique using microalgae as a flocculant agent can be an alter-
native way to solve these problems. In this research, mixing of Tetraselmis suecica (flocculant) with
Chlorella sp. and Nannochloropsis sp. (non-flocculant) in ratios of 1:4, 2:4, 3:4 and 4:4 (v/v) has been
conducted to obtain percent recovery of marine microalgae harvest. The results showed that T. suecica as
flocculant agent can fasten the harvesting of Chlorella sp. and Nannochloropsis sp. It was shown by the
increase of percent recovery value of Chlorella sp. from 51.14 ± 1.07% to 67.34 ± 0.67% and
Nannochloropsis sp. from 20.52 ± 1.17% to 42.43 ± 0.40% during the first hour of flocculating process. Our
result showed that bio-flocculation is an environment friendly technique which can be applied to harvest
marine microalgae.
Copyright © 2016 Institut Pertanian Bogor. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Harvesting microalgae is an important part of microalgae
cultivation system to produce high biomass (Sim et al. 1988).
Centrifugation, filtration and flocculation are the most common
harvesting technique used in harvesting microalgae (Grima et al.
2003; Chen et al. 2011). Centrifugation is a microalgae harvesting
technique which needs high capital, energy and operating costs
(Wijffels and Barbosa 2010). Harvesting microalgae using filtration
technique can only be performed for microalgae species that are
larger than 100 mm in size and filaments or colonized body shape,
such as Spirulina sp. andMicractinium sp. (Mohn 1988). Harvesting
microalgae smaller than 100 mm and not colonized can be done
using flocculation. Microalgae flocculation technique will concen-
trate target by using chemical material (Lee et al. 1998; Papazi et al.
2010), bacteria (Choi et al.1998; Fujita et al. 2000; Salehizaden et al.
2000; Li and Yang 2007) and fungi (Chang et al. 2005).
Harvesting microalgae using chemical flocculant is very easy to
be done, but not suitable for large scale cultivation because the).
nian Bogor.
r. Production and hosting by Elsexcessive cationic flocculants must be cleaned from the culture
media so it can be re-used (Schenk et al. 2008). Flocculation using
chemicals can also change the culture media conditions such as
extreme pH changes, nutrient decline, and changes in temperature
and dissolved oxygen. The addition of chemical compounds can
also cause changes in microalgae cell composition (Benemann and
Oswald 1996). Flocculation using living organisms (bio-floccula-
tion) can be used as the alternative, so the chemical contamination
effect can be reduced.
The use of fungi and bacteria as flocculants requires particular
additional media as the energy source for growth. Furthermore,
bacteria and fungi can cause contamination of microalgae (Schenk
et al. 2008). Salim et al. (2011) stated that bio-flocculation tech-
nique using microalgae is more promising than bacteria and fungi
because it does not require additional operating costs for growth
media and also prevents contamination. The most important thing
from using microalgae for bio-flocculation is it is environment
friendly because it does not use chemicals and the cultivation
media can be re-used.
Bio-flocculation technique can be used as an alternative method
for microalgae harvest. It is urgent to know an optimal ratio of
flocculant microalgae to harvest non-flocculant microalgae. Salim
et al. (2011) conducted a bio-flocculation research of marineevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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algae and Neochloris oleoabundans as non-flocculant microalgae. In
this study, T. suecicawas used as flocculants andNannochloropsis sp.
and Chlorella sp. as non-flocculant. The reason for selecting Nan-
nochloropsis sp. and Chlorella sp. is they are easy to cultivate in short
cultivation time and potential as a source of biofuel since they have
high fat content.
The purpose of this study was to obtain the optimal harvest
time, determine ratio of volume between flocculant (T. suecica) and
non-flocculant microalgae (Nannochloropsis sp. and Chlorella sp.) to
improve microalgae deposition and measure their fat content.
2. Material and Methods
2.1. Microalgae and culture conditions
Marine microalgae T. suecica, Nannochloropsis sp. and Chlorella
sp. were obtained from Microalgae Laboratory at Surfactant and
Bioenergy Research Center, LPPMeIPB, Baranangsiang Campus,
Bogor, Indonesia. Microalgae strain was cultivated at 500 mL for
each species. The strain multiplication was done by cultivating
microalgae from 500 mL to 1.5 L and from 1.5 L to 4.5 L for each
species. Volume composition of microalgae and seawater in labo-
ratory scale was one third, while composition of scale up at outdoor
system was one tenth (Kawaroe et al. 2010). Nutrient used at lab-
oratory scale was Walne with composition 1 mL Walne to 1 L
microalgae medium, while at outdoor scale, TSP, ZA, urea with
composition of 15, 30, 30 ppm, respectively.
2.2. Determination of harvest time
Harvest time of each microalgae species might be different so it
needs pre-research to determine the optimal harvest time. T. sue-
cica, Nannochloropsis sp. and Chlorella sp. were taken each for
300 mL and divided equally into three bottles (100 mL), and then
200 mL of autoclave-sterilized seawater was added. The cultivation
was conducted for 20 days with aeration. During 20 days of culti-
vation, microalgae cell density was measured using Neubauer he-
mocytometer under microscope type BM180 BOECO Germany. The
highest density of microalgae then became the reference time for
harvesting microalgae so that the first day of cultivation at bio-
flocculation process can be determined.
2.3. Bio-flocculation process
Bio-flocculation process was conducted to determine optimal
ratio of flocculant volume to settled non-flocculant microalgae and
also bio-flocculation mechanism so non-flocculant microalgae can
be settled faster. Bio-flocculation research takes less than 1 day to
prevent cell splitting. Cultivation results of T. suecica, Nanno-
chloropsis sp. and Chlorella sp. were stored in refrigerator before the
flocculation process has begun. Ratios of mixing flocculant and
non-flocculant microalgae were 1:4, 2:4, 3:4 and 4:4 (v/v) in 2 mL.
Furthermore, optical density (OD) 750 nm measured every hour
during 8 hours or until the perfect settlement occurs between
flocculants and non-flocculant microalgae. Calibration process was
done using blank sample of seawater. OD750 nm values were ob-
tained to determine percentage of microalgae deposition (recov-
ery). Spectrophotometer with single beam Genesys 20 4001/4
Model with wavelength range of 340e800 nm was used. Bio-
flocculation process was done using Olympus microscope
CX21LED. Photos and videos were taken by Optilab Microscope
Camera. This observation was done in conjunction with OD750 nm
value observation. Image capturewas done at t0 (time 0), t4 (time 4)
and t8 (time 8) whereas video capture was done until the mixture
settles microalgae perfectly.2.4. Microalgae lipid extraction
Lipid extraction requires driedmicroalgae in greater numbers so
that requirement of bio-flocculation process was 10 L. Lipid value
from bio-flocculation was compared to harvesting results using
NaOH.Microalgae paste from bio-flocculation and NaOH harvesting
was dried using oven at 121C for ±24 hours. Dried microalgae
were then transferred to desiccator for ±15 minutes. After being
cooled in the desiccator, dried microalgae were measured using
analytical balance Precisa. Microalgae lipid was extracted using
Soxhlet in n-hexane solvent. Extraction process was conducted for
6 hours and followed by distillation process to separate lipid from
solvent. The end result was microalgae lipid weighed and lipid
percentage was measured.2.4. Data analysis
a. Density cells: Microalgae cell density was calculated using for-
mula improved Neubauer hemocytometer:
Ni ¼ ni 

25
5

 104 (1)
Ni is microalgae cell density in the i-th observation box (number
of cells/mL) and ni is number of microalgae cells in the i-th obser-
vation box.
b. Deposition: Microalgae removal percentage/deposition (percent
recovery) was obtained from OD750 and calculated with for-
mula: (Salim et al. 2011)
Deposition ð% Þ ¼ OD750ðt0Þ  OD750ðtnÞ
OD750ðt0Þ
 100% (2)
OD750 time 0 (t0) is the turbidity in the beginning bio-
flocculation process and OD750 time n (tn) is the turbidity at time n.
c. Lipid content: Microalgae lipid was calculated using the equa-
tion below.
lipid content ð%Þ ¼ A
B
 100% (3)
A is microalgae dry weight (gr) and B is microalgae lipid weight
(gr)
d. Statistical analysis: completely randomized design with two
factors was used to determine the effect of the microalgae
volume ratio used in flocculation process. Process was done
separately for each combination of microalgaewith ratios of 1:4,
2:4, 3:4 and 4:4 to find out the best combination between T.
suecica and Chlorella sp. and also between T. suecica and Nan-
nochloropsis sp. in flocculation process, so that midvalue test
was examined.3. Results
3.1. Microalgae harvest time
Based on cell density observation in 20 days, the best time to
harvest T. suecica was at day 13 with cell density of
1.98 106± 0.49 106 cells/mL (Figure 1). Chlorella sp. was found
at day 12 with cell density 169.17 106± 15.93 106 cells/mL,
whereas Nannochloropsis sp. grew faster than T. suecica and Chlor-
ella sp. which was at day 11 with cell density
995.42 106± 216.89 106 cells/mL.
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Figure 2. Deposition (%) of Tetraselmis suecica and Chlorella sp. combination with ra-
tios of 1:4, 2:4, 3:4 and 4:4.
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Figure 3. Deposition (%) of Tetraselmis suecica and Nannochloropsis sp. with ratios of
1:4, 2:4, 3:4 and 4:4.
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Figure 1. Growth phase of Tetraselmis suecica, Chlorella sp., and Nannochloropsis sp.
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Recovery percentage of microalgae as results of bio-flocculation
in the beginning with volume ratios of 1:4, 2:4, 3:4, 4:4 can be
found in Table 1. Statistical analysis using completely randomized
design implied that volume of 4:4 was the most optimal ratio
compared to 1:4, 2:4 and 3:4. It is clear that the addition of floc-
culant species in larger volumewill increase deposition percentage.
A graph showing deposition percentage (OD750 nm) of microalgae
in mixed combinations of T. suecica:Chlorella sp. and T. suecica:-
Nannochloropsis sp. with ratio of 1:4, 2:4, 3:4 and 4:4 in every hour
during 8 hours can be seen in Figures 2 and 3. Bio-flocculation of
microalgae before flocculate (time 0) and after flocculate (time 4
and 8) can be seen at Figure 4. Observation of bio-flocculation
process for T. suecica and Chlorella sp. or T. suecica and Nanno-
chloropsis sp. with 10magnification showed that cells of Chlorella
sp. and Nannochloropsis sp. were bound to local form of T. suecica,
not in large network form that are connected to one another
(bridging; Figures 4A and 4B). At the beginning of mixing, micro-
algae flocculants and non-flocculant cell were still separated and
not tied at all (Figures 4C and 4D). Gradually, the bonding process
began to take place as cells began to experience stress due to
diminishing nutrients and triggered to secrete extracellular poly-
mer. Extracellular polymer production will create a bond between
cells centered in T. suecica. The bond between flocculant and non-
flocculant microalgae cells started at t4 (Figures 4E and 4F) and
can be seen from bond formation between species. More bounding
began to be seen at t8 (Figures 4G and 4H) and was clearly visible
microscopically for non-flocculant species. It formed a bigger col-
ony with flocculant species, causing a lot of colony which then
settles.
3.3. Microalgae lipid from bio-flocculation harvesting process
Harvesting was done using 4:4 volume ratio between micro-
algae flocculants and non-flocculant. For comparison, harvesting
microalgae using NaOH was conducted. Lipid extraction results
obtained using Soxhlet are provided in Table 2. Extraction of
microalgal lipid from bio-flocculation techniques using T. suecica
produced higher lipid content compared to chemical flocculation
techniques using NaOH.Table 1. Deposition (%) of microalgae flocculant and non-flocculant mixing after first ho
Microalgae combination Deposition (%) time 1
A
Tetraselmis suecica & Chlorella sp. 24.28± 4.55
Tetraselmis suecica & Nannochloropsis sp. 15.02± 1.334. Discussion
Lee et al. (1998) mentions that bio-flocculation is a spontaneous
flocculation of microalgae cells that occurs due to the secretion of
extracellular polymeric substances (EPS) when microalgae is in
stress state. Lack of nutrition is a major factor that causes micro-
algae cell to secrete EPS (Lee et al. 2009). EPS produced by micro-
algae will trigger the formation of cells clumps, the cells will form
biomass collection and then will be sedimented. Microalgae har-
vesting by bio-flocculation techniques using flocculation agents in
the form of microalgae is a new harvesting technique which is still
in development stage. Bio-flocculation technique has some ad-
vantages: it is environment friendly where residual water from
harvesting can be used and disposed without any special treatment
that can add to the cost and energy in microalgae processing chain
into biofuels. The use of chemicals can contaminate water for
microalgae cultivation. The remaining water after harvest when
discharged directly into the environment must be processed first to
avoid contamination. This process requires quite much energy and
cost. Our results showed that microalgae harvesting byur
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Figure 4. Microalgae before flocculate (time 0) and after flocculate (time 4 and 8).
Table 2. Comparison of lipid yields from bio-flocculation and chemical harvesting
method
Microalgae Harvesting agent Lipid content (%)
Nannochloropsis sp. NaOH 10.29± 3.16
Nannochloropsis sp. Tetraselmis suecica 12.90± 2.62
Chlorella sp. NaOH 8.99± 1.71
Chlorella sp. Tetraselmis suecica 11.71± 0.81
Tetraselmis suecica as flocculant agent 65bio-flocculation technique using microalgae flocculation agent can
be done. It can be seen from the deposition percentage of micro-
algae non-flocculant was increased for both species; Chlorella sp.
and Nannochloropsis sp. Comparison between chemical and bio-
flocculation technique showed that the latter is better than the
former. The difference is because chemical compounds that are
used do not contain fat, in contrast to the use of T. suecica as floc-
culant agent which has 15%e23% of lipid content (Chisti 2007). The
lipid from T. suecica can also be extracted along with species target
Table 3. Deposition (%) comparison before and after addition of species flocculant within 8 hours
Species Deposition (%) within 8 hours
Before adding Tetraselmis suecica After adding Tetraselmis suecicaa
Chlorella sp. 51.14± 1.07 67.34± 0.67
Nannochloropsis sp. 20.52± 1.17 42.43± 0.40
a Ratio 4:4.
M. Kawaroe, et al66(Nannochloropsis sp. and Chlorella sp.). Utilization of microalgae as
flocculant agent gives a distinct advantage because lipid from
flocculant microalgae can be extracted as well.
Our results suggest that microalgae harvesting using bio-
flocculation technique can be used as an environment friendly
harvest and alternative way to substitute chemical flocculants. In
addition, it can also increase lipid content because of the addition of
microalgae flocculant (Table 3). Bio-flocculation process during
8 hours has not yet successfully settled microalgae 100%. This
happens because T. suecica cell density was much lower than
Chlorella sp. and Nannochloropsis sp. so that uponmixing process, T.
suecica as the center of collecting Chlorella sp. and Nannochloropsis
sp. was unable to bind Chlorella sp. and Nannochloropsis sp. as a
whole because cell number of Chlorella sp. and Nannochloropsis sp.
was much greater. The addition of flocculants density will accel-
erate deposition process because it will add the centers of cell
attachment to non-flocculant formation and aggregates more
easily. Furthermore, this harvesting techniques can be used as an
alternative to harvest microalgae. Besides eco-friendly, it is also a
promising method because it is cheaper and uses less energy than
the other techniques (Salim et al. 2011).
Flocculant species T. suecica was harvested at day 13, whereas
Nannochloropsis sp. and Chlorella sp. were non-flocculant species
with successive harvesting days 11 and 12. Harvesting microalgae
using bio-flocculation with volume ratio of flocculant and non-
flocculant 4:4 was the most optimal ratio for deposition of micro-
algae and higher than other ratios. Frommicroalgae lipid extraction
result, it was shown that lipid content of Nannochloropsis sp. and
Chlorella sp. harvested using bio-flocculation technique was higher
compared to chemical flocculants, which shows that bio-
flocculation using microalgae can be used as an alternative way
for harvesting microalgae.
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